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Background: In contrast to the postnatal period, little is known about telomere length (TL) during pre-
natal life. The decrease in placental TL remains unknown, although intra uterine growth retardation and
preeclampsia are associated with shorter placental TL. The aim of this study is to assess the decrease of
placental TL during the third trimester of gestation and to explore the role of potential “growth inﬂu-
encing factors”.
Methods: The study sample consisted of 329 live-born twins from the East Flanders Prospective Twin
Survey. TL was determined using a multiplex quantitative PCR method. Gestational age, sex, birth order,
placental characteristics, parity, maternal and paternal age, diabetes, hypertension, smoking, alcohol use,
and socio economic status (SES) were considered “growth inﬂuencing factors”. Bivariable multilevel
regression analysis with “growth inﬂuencing factors” was performed.
Results: Placental TL ranged from 4.3 kbp to 84.4 kbp with a median of 10.8 kbp. Ln(TL) decreased in a
linear fashion with an estimated TL decreasing from 13.98 kbp at 28 weeks to 10.56 kbp at 42 weeks. The
regression coefﬁcient of gestational age became smaller if considered together with SES (b ¼ 0.017;
p ¼ 0.08) or diabetes (b ¼ 0.018; p ¼ 0.07) and bigger if considered together with parity (b ¼ 0.022;
p ¼ 0.02), indicating that part of the association between gestational age and telomere length is
explained by these three confounding factors.
Conclusion: Placental TL decreases during the third trimester of gestation of live-born twins with
approximately 25% indicating that telomere shortening may play a role in aging of the placenta.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Telomeres, the nucleoprotein structures at the ends of chro-
mosomes, shorten with each cell division in somatic cells [1], and
can be seen as a biological clock. When telomere length reaches a
critical value, cells either enter a state of senescence or die.
Therefore, telomere length is considered a biomarker of aging, with
shorter telomeres indicating an increased biological age [1,2]. A
body of evidence has been build up that telomere shortening, as
gained during adult life, is a marker of aging and appears to be
involved in aging and age-related diseases [3]. However, littleition, Toxicology and Meta-
siteitssingel 40, P.O. Box 616,
881012; fax: þ31 43 3884151.
.nl (M. Gielen).information is available on inﬂuences of unfavorable circumstances
on telomere shortening as early as during the prenatal period in
which the placenta plays an important role.
Differentiating normal growth from intra uterine growth retar-
dation (IUGR), in which restricted placental development is a
hallmark, is signiﬁcant, since only IUGR children are at risk of age-
related diseases [3]. It has been shown that telomere length is
decreased in placental tissue [4e6], but not in cord blood [7] of
IUGR children, indicating the importance of the placenta in pre-
natal growth. In addition, diminished telomerase activity, an
enzyme responsible for elongation of telomeres, has been associ-
ated with shorter placental telomeres [4,8]. Telomerase activity is
shown to be higher in the ﬁrst and second trimester than in the
third trimester of gestation [9,10]. Telomerase activity is also higher
in IUGR placentas [4,11]. An increased formation of telomere
aggregate was demonstrated to be associated with preeclampsia, a
cause of IUGR, as well, independent of telomere length and
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placental telomere length may decrease during gestation and that
preeclampsia enhances this attrition. Besides preeclampsia no
other intra uterine growth promoting or restricting factors have
been thoroughly investigated in human placentas. However, some
studies have focused on telomere length of white blood cells of the
neonate instead of placental telomere length.
Between 27 and 32 weeks, the telomere length of white blood
cells in cord blood was observed to decline rapidly followed by an
insigniﬁcant loss thereafter [13]. To the best of our knowledge, only
one study has tried to identify associations between telomere
length and sex of the neonate, maternal age, and parity. A signiﬁ-
cant positive association was found with maternal age [14]. Also
maternal hypertension or preeclampsia [14] andmaternal diabetes,
which was investigated by a second study [15], had no effect on
telomere length of white blood cells in cord blood of the neonate.
The effects of maternal and fetal determinants on placental
telomere length are still unclear, but may be unraveled when
studying twin pregnancies. Twins share the same maternal envi-
ronment; therefore, the inﬂuence of maternal factors such as
nutritionwill be shared by both fetuses. However, each fetus has its
own fetoplacental environment, which may differ substantially
from that of its co-twin. Twins are also an interesting study pop-
ulation since they are more often growth retarded than singletons.
Moreover, they offer the opportunity to explore the role of the
placenta in telomere shortening in depth. The East Flanders Pro-
spective Twin Survey (EFPTS) is a population based register of
multiple births in the province of East Flanders (Belgium) which
examines the placentas at birth and establishes zygosity and cho-
riontype. Previously we have shown that placental weight was
inﬂuenced by gestational age, choriontype, fusion of the placentas,
birth order and parity [16]. The association between placental
characteristics and telomere length in twins is yet unexplored.
The aim of this study is to quantify the decrease of placental
telomere length during the third trimester of gestation and to
explore which “growth inﬂuencing factors” also determine
placental telomere length during this trimester. We were specif-
ically interested in the following “growth inﬂuencing factors”: sex
of the twin, birth order, placental characteristics including zygosity
and choriontype, obstetrical and maternal characteristics such as
age, parity, maternal diabetes or hypertension, smoking and alcohol
use, and socio economic status (SES).
2. Methods
2.1. Subjects
The East Flanders Prospective Twin Survey (EFPTS), which
started in 1964, is a population based register of multiple births in
the province of East Flanders (Belgium). The twins (and higher
order births) are ascertained at birth [17]. The study sample con-
sisted of 366 twins of Caucasian origin (99% naturally conceived),
born between 1969 and 1982, who participated in a prenatal pro-
gramming study Details of the selection process of the study
sample have been described previously [18]. Informed consent was
obtained and ethical approval was given by the Ethics Committee of
the Faculty of Medicine of the Katholieke Universiteit Leuven.
2.2. Perinatal data
2.2.1. Placental examination and zygosity determination
A trained midwife examined the placentas within 24 h after
delivery following a standardized protocol [19]. Fetal membranes
were dissected, and after removing themembranes and blood clots,
the fresh unﬁxed placentas were weighed, and their maximumdiameter and thickness were measured. According to the site of the
cord insertion six categories were distinguished (central, eccentric,
paramarginal, marginal, velamentous: dividing or surrounding
membrane) and dichotomized into two groups: (1) insertion on the
placenta, and (2) insertion on the placental membrane. Blood was
taken from the umbilical cord if the blood groups of the twins had
not yet been determined. An obstetrician examined placentas with
obvious or suspected abnormalities. Placental biopsies ofz0.5 cm2
at the maternal site near the insertions of the umbilical cord were
taken close to the surface, rinsed with tap water and stored
at 20 C at a biobank under consistent conditions. Zygosity was
determined by sequential analysis based on sex, choriontype, um-
bilical cord blood groups, placental alkaline phosphatase, and, since
1982, DNA ﬁngerprints [20]. After DNA-ﬁngerprinting, a zygosity
probability of 0.999 is reached. Monochorionic (MC) twins and
same-sexed dichorionic (DC) twins with the same markers were
classiﬁed asmonozygotic (MZ) [17]. InMC pairs only one placenta is
present. In DC pairs (dizygotic [DZ] as well as MZ DC), the two
placentas can be separate, or fused. For this study we distinguished
two groups: (1) one placental mass, either one placenta in case of
MC twins or two fused placentas in case of DC pairs; and (2) two
separate placentas, either MZDC or DZ pairs. The total weight of the
placental mass was recorded and if two separate placentas were
present, the individual placental weights were also noted.
2.2.2. Data prospectively collected at birth
At birth obstetric and neonatal characteristicswere prospectively
collected from medical records. The umbilical cords were cut and
ligated by birth order. Data recorded by the obstetrician at birth
includedgestational age, birthweight, sexof the twins,parental ages,
and parity. Gestational age (Menstrual age) was based on the last
menstruation andwas calculated as the numberof completedweeks
of pregnancy. Preterm birth was deﬁned as born before 37þ0 weeks.
2.2.3. Data retrospectively collected at adult age
When the twins were at adult age, as part of the prenatal pro-
gramming study, the parents of the twins ﬁlled out questionnaires.
Maternal smoking and alcohol consumption during pregnancy for
each trimester (yes/no), the occurrence of hypertension during
pregnancy (yes (including preeclampsia)/no), gestational diabetes
(the occurrence of sugar in the urine; yes/no/unknown), paternal
age, parental education were collected retrospectively in this way.
Educational level as a proxy of socio economic status (SES) was
categorized into three groups according to the Belgian education
system [21]: (1) no education or primary school, (2) lower sec-
ondary education, and (3) higher secondary education and tertiary
education. When the educational level of both parents was avail-
able, the highest level was used in the analysis.
2.3. Telomere length assay
DNA was isolated from placental tissue using the QIAamp
DNeasy blood and tissue kit (Qiagen, Venlo, The Netherlands),
following the instructions of the manufacturer for animal tissues.
Following extractions, the absorbance at 260 and 280 nm was
measured using a NanoDrop spectrophotometer (Thermo Scienti-
ﬁc, Breda NL), and the ratios were calculated. Telomere length was
determined using a monochrome multiplex quantitative multiplex
PCR (Q-PCR) method (Cawthon, 2009) [22] and carried out in
triplicate. In brief, in a total volume of 25 mL approximately 20 ng of
genomic DNAwas mixed with 10 mM TriseHCl pH 8.3, 50 mM KCl,
3 mM MgCl2, 0.2 mM each dNTP, 1 mM DTT, 1M betaine, 0.75
SYBR Green I, and AmpliTaq Gold DNA polymerase, 0.625 U.
Four primers were used (50e30): telg (at 900 nM; ACAC-
TAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT), telc (at 900 nM;
Table 1
Characteristics of the third trimester live-born twins (n ¼ 329).
Mean (SD)
TL kbp 12.70 (7.05)/median
10.82 (IQR 9.17e13.97)
Gestational age (weeks) 37.2 (2.4)
Placental weight (grams)
(13 missing)
381 (76)
Placental weight (grams)
not fused (n ¼ 87)
409 (88)
Maternal age (12 missing) 27.2 (4.4)
Paternal age (69 missing) 29.0 (5.2)
n (%)
Collected at birth
Preterm (<37 weeks)/Term 117 (36%)/212 (64%)
Male/Female 154 (46%)/175 (54%)
First born/second born 150 (46%)/179 (54%)
Zygosity choriontype: DZ/MZDC/MZMC 120 (36.5%)/99 (30%)/110 (33.5%)
Primiparity/Multiparity (4 missing) 151 (46%)/174 (54%)
Placental characteristics
One placental mass/two separate
placentas (13 missing)
229 (72%)/87 (28%)
Umbilical cord on fetal membranes
no/yes (4 missing)
292 (90%)/33 (10%)
Placental weight below 10th
centile/normal All (13 missing)
25 (8%)/291 (92%)
Not fused (n ¼ 87) 6 (7%)/81 (93%)
Collected at adult age
Diabetes yes/no (and unknown)
(14 missing)
10 (3%)/305 (97%)
Hypertension incl. (pre)eclampsia
yes/no (15 missing)
42 (14%)/272 (86%)
Smoking yes/no (14 missing)
ﬁrst trimester
41 (13%)/274 (87%)
Second trimester 37 (12%)/278 (88%)
Third trimester 35 (11%)/280 (89%)
Alcohol yes/no (2 missing)
ﬁrst trimester
31 (9%)/296 (91%)
Second trimester 29 (9%)/298 (91%)
Third trimester 26 (8%)/301 (92%)
Socio Economic Status
low e middle e high (21 missing)
22 (7%)/44 (14%)/242 (79%)
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Fig. 1. Placental telomere length of live-born twins during the third trimester: raw
data.
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500 nM; CGGCGGCGGGCGGCGCGGGCTGGGCGGcttcatccacgtt-
caccttg), and hbgd (at 500 nM; GCCCGGCCCGCCGCGCCCG
TCCCGCCGgaggagaagtctgccgtt). Four three-fold serial dilutions of a
reference genomic DNA sample (HeLa S229 cell line) were used to
generate two standard curves for each PCR plate. Reference sam-
ples with known telomere length, i.e. 5.5 kbp (Hela S3 cell line) and
14.5 kbp (Hela 229 cell line), were included into each run to enable
estimation of TL in kbp. Reference samples were included into each
PCR run, and the coefﬁcient of variation was calculated to be 2.5%
for within plate measurements and 4.9% for measurements be-
tween plates.
Quality and concentration of the isolated placental DNA was
assessed using the Nanodrop 1000 spectrophotometer (Isogen Life
Science, Belgium). DNA was of sufﬁcient quality of 336 twins (209
pairs). Due to a lowDNAyield or to absorption ratios for A260/A280
that were outside the range of 1.8e2.0, 19 twin pairs were excluded
from the analyses. In addition, due to PCR values below the
detection limit, or due to irreproducible triplicate values for PCR
measurements 11 twin pairs were excluded.
2.4. Statistical analyses
Telomere length (kbp) was log-transformed to assure normality
and the twins were analyzed as individuals in a multilevel regres-
sion analysis to account for relatedness between twin members by
adding a random intercept to the model. The variance-covariance
structure was allowed to differ between the three zygosity-
choriontype groups. First, to assess whether telomere length de-
creases during gestation, univariable multilevel regression analysis
was conducted. Deviations from linearity were tested by poly-
nomial regression. Second, univariable multilevel regression ana-
lyses with the following “growth inﬂuencing factors”: sex of the
twin, birth order, zygosity and choriontype, fusion of placentas, site
of the insertion of umbilical cord, placental weight, maternal and
paternal age, parity, maternal diabetes, maternal hypertension,
smoking per trimester, alcohol use per trimester, and SES were
performed. To control for the fact that the differences in duration of
storage of the placental biopsies might inﬂuence TL, we also
analyzed the inﬂuence of storage time. Finally, in bivariable
multilevel regression analyses we tested whether the statistically
signiﬁcant “growth inﬂuencing factors“ from the univariable
regression analysis acted as confounding factors or as effect mod-
iﬁers in the association between gestational age and telomere
length. A ”confounding” effect (a change of >10% of regression
coefﬁcient of gestational age) was tested by adding a “growth
inﬂuencing factor” to gestational in the model; an “effect modiﬁer”
by putting also the interaction gestational and a “growth inﬂu-
encing factor” in the model. For all analyses listwise deletion was
utilized for missing values.
Next, we planned to study the twins as pairs to distinguish
between genetic and feto-placental factors by analyzing intra-pair
differences of MZ and DZ twins.
The analyses were conducted with the SAS version 9.2 software
package (SAS Institute Inc., Cary, NC, USA). All reported p-values are
two-sided and were considered statistically signiﬁcant when
p  0.05. A trend was considered when p  0.10.
3. Results
3.1. Descriptive analysis
The characteristics of the 329 third trimester live-born twins are
depicted in Table 1. Telomere length was highly variable and ranged
from 4.3 kbp to 84.4 kbp (Fig. 1) with a median of 10.8 (InterQuartile Range 9.1e13.9) kbp. Gestational age ranged from 28 to 42
weeks with a mean gestational age of 37.2 weeks (SD 2.37).
3.2. Shape of the telomere length attrition
The model ﬁt of the univariable multilevel regression analysis
and the polynomial analysis revealed to be the same (AIC 282.5 vs.
283.8) indicating a linear decrease of Ln(TL) with gestational age
(Table 2). TL decreased from an estimated 13.98 kbp at 28 weeks of
gestation to 11.67 kbp at 37 weeks and 10.56 kbp at 42 weeks of
gestation (betauni ¼ 0.020; p ¼ 0.03) (Table 2; Fig. 2), which is a
total decrease of 24.5%.
Table 2
Univariable and polynomial multilevel regression analyses with gestational age:
regression coefﬁcients, model ﬁt and estimated telomere length.
Ln (TL) Beta SE P AIC Gestation Estimated TL
(95% C.I.)
Model 1
Gestational age 0.0201 0.0092 0.03 282.5 28 weeks 13.98
(11.76e16.63)
32 weeks 12.90
(11.63e14.32)
37 weeks 11.67
(11.17e12.19)
42 weeks 10.56
(9.58e11.64)
Model 2
Gestational age 0.1825 0.1890 0.34 283.8 28 weeks 16.12
(11.10e23.41)
Gestational age*
gestational age
0.0022 0.0026 0.40 32 weeks 13.28
(11.73e15.02)
37 weeks 11.52
(10.92e12.15)
42 weeks 11.17
(9.49e13.14)
TL ¼ Telomere length.
Table 3
Univariable multilevel regression analyses: regression coefﬁcients of potential
“growth inﬂuencing factors”.
Ln(TL) Univariable analysis
Beta SE p
Placental characteristics
Choriontype 0.45
MZMC ref
MZDC 0.0628 0.0531 0.23
DZ 0.0116 0.0547 0.83
Fusion of placentas: separate placentas 0.0386 0.0505 0.45
Insertion of umbilical cord on placenta 0.0449 0.0654 0.49
Placental weight (continuous) gram* 0.00004 0.0003 0.91
Male 0.0004 0.0434 0.99
First born 0.0237 0.0350 0.50
Maternal/paternal characteristics
Paternal age years 0.0038 0.0050 0.45
Maternal age years 0.0057 0.0054 0.29
Primiparity 0.0983 0.0442 0.03
Diabetes 0.3090 0.1312 0.02
Hypertension incl (pre)eclampsia 0.0115 0.0693 0.87
Smoking in ﬁrst trimester 0.0111 0.0684 0.87
Second trimester 0.0311 0.0712 0.66
Third trimester 0.0316 0.0725 0.66
Alcohol use in ﬁrst trimester 0.0024 0.0716 0.97
Second trimester 0.0243 0.0750 0.75
Third trimester 0.0748 0.0773 0.34
Socio Economic Status 0.02
Low 0.2305 0.0908 0.01
Middle 0.0940 0.0646 0.15
High Ref
Storage time 0.0099 0.0079 0.20
Table 4
Regression coefﬁcients and estimated telomere length for bivariable multilevel
regression analyses.
Ln (TL) Bivariable
analysis
p Gestation Estimated TL
Beta SE
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Of the considered “growth inﬂuencing factors” parity, only
maternal diabetes, and SES were associated with placental TL
(betauni primiparity ¼ 0.098 (p ¼ 0.03); betauni diabetes ¼ 0.309
(p ¼ 0.02); betauni SES low ¼ 0.231 (p ¼ 0.01), betauni SES
middle ¼ 0.094 (p ¼ 0.15), overall pSES ¼ 0.02) (Table 3). Placental
telomeres of primiparous mothers were 1.14 kbp shorter than those
of multiparous mothers (11.07 vs 12.21 kbp); placental telomere
length of diabetic mothers was 4.15 kbp longer than telomere
length of non-diabetic mothers (15.63 vs 11.47 kbp); placental
telomere length of mothers with lowest SES was 1.82 kbp longer
than telomere length of middle SES who in turn were 1.12 kbp
longer than those of high SES (14.26 vs. 12.44 vs. 11.33 kbp).
Bivariable multilevel regression analyses revealed that parity,
diabetes and SES acted as confounders (Table 4). The regression
coefﬁcient of gestational age became smaller if considered together
with SES (b ¼ 0.017; p ¼ 0.08) or diabetes (b ¼ 0.018; p ¼ 0.07)
and bigger if considered together with parity (b ¼ 0.022;
p ¼ 0.02), indicating that part of the association between gesta-
tional age and telomere length is explained by these three con-
founding factors. Placental TL of multiparous mothers decreased
with an estimated 4.06 kbp from 28 to 42 weeks of gestation (a
decrease of 27%). For primiparous mothers the decrease was4
6
8
10
12
14
16
18
20
28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Gestational age (weeks)
Te
lo
m
er
e 
le
ng
th
 (k
bp
)
Fig. 2. Placental telomere length of live-born twins during the third trimester: raw
data and estimated length based on univariable multilevel regression analysis.3.35 kbp (25%). The difference in TL between multipara and pri-
mipara at 28 weeks was 1.52 kbp and at 42 weeks 1.21 kbp. For the
other two confounders, decrease in telomere length ranged from
21% (SES) to 22% (diabetes). Parity, maternal diabetes and SES were
no effect modiﬁers. Unfortunately, pairwise analyses could not be
conducted, because the only statistically signiﬁcant “growth inﬂu-
encing factors” showed, because of their nature, no intra-pair
differences.Multiparity Primiparity
Gestational
age weeks
0.0224 0.0092 0.02 28 weeks 15.07 13.55
Primiparity 0.1063 0.0439 0.02 32 weeks 13.77 12.39
37 weeks 12.32 11.07
42 weeks 11.01 9.90
Diabetes No Diabetes
Gestational
age weeks
0.0175 0.0095 0.07 28 weeks 17.79 13.50
Diabetes 0.2756 0.1315 0.04 32 weeks 16.58 12.59
37 weeks 15.19 11.53
42 weeks 13.92 10.56
Low SES High SES
Gestational
age weeks
0.0170 0.0096 0.08 28 weeks 16.54 13.27
Socio Economic
Status
0.04 32 weeks 15.46 12.40
Low 0.2203 0.0905 0.02 37 weeks 14.20 11.39
Middle 0.0809 0.0646 0.21 42 weeks 13.04 10.47
High Ref
M. Gielen et al. / Placenta 35 (2014) 791e796 7954. Discussion
We are the ﬁrst to show that placental telomere length signiﬁ-
cantly decreases during the third trimester of gestation in a rela-
tively large sample of live-born twins. Telomere shortening seems
to be ongoing in a linear fashion until delivery and multiparity
appears to delay placental telomere shortening. Of the other
“growth inﬂuencing factors” only maternal diabetes and low SES
were associated with longer placental telomere length.
Placental telomeres shorten approximately 25% during the third
trimester from an estimated TL of 13.98 at 28weeks to an estimated
TL of 10.56 kbp at 42weeks. Given that synchronization in telomere
length exists among multiple organs, including the placenta of the
human fetus [23], the observed attrition is very strong compared
with the leukocyte shortening of telomeres in the ﬁrst year of life
(0.70 kbp [24]) and even stronger compared to attrition in adults
(attrition rate of 0.024 kb/year [23] or 0.031 [24]). Absolute
placental telomere length shortens in an almost linear fashion up to
42 weeks without slowing, suggesting a continuous and ongoing
cell division. The placental proliferative capacity remains even
beyond term, which is between 36 and 37 weeks for twins [13,25].
Placental telomere length of multiparous mothers was longer
than that of primiparous mothers. To the best of our knowledge,
only one study has been published on changes in relation to parity.
It has been shown by Khong et al. that spiral arteries play a vital role
in supplying nutrients to the placenta and fetus and are remodeled
into dilated vessels during pregnancy. Duplication and fragmen-
tation of the internal elastic lamina and the proportion of non-
muscular tissue increases with increasing parity [26]. These per-
manent anatomical changes may enhance the remodeling of spiral
arteries into dilated vessels and the nutrient supply to placenta and
fetus [26]. This could explain why placentas of multiparous
mothers are heavier [16] and why telomeres of multiparous mother
are longer. The fact that attrition is approximately the same for
primipara and multipara in the third trimester additionally sup-
ports this idea [27].
We were able to show that maternal diabetes was associated
with longer placental telomere length. This result should be inter-
preted cautiously, since only 10 mothers reported diabetes in a
retrospective way. We were unable to conﬁrm that preeclampsia
[14,15] enhances placental telomere attrition. One explanation
could be that in this study no distinction could be made between
mild hypertension and preeclampsia. In diabetes as well as in
preeclampsia oxidative stress is considered to play a role [28,29].
Due to the relatively high guanine content in telomere sequences
and a deﬁcient repair of single-strand breaks in telomeric DNA,
telomeres are sensitive to oxidative stress [30]. Telomere attrition
normally can be counteracted by telomerase activity [31] which has
been detected in placenta [32]. Therefore telomere length results
from the balance between the processes that shorten telomeres
and telomerase-dependent elongation of telomeres. In addition,
cells with critically short telomeres may lose their ability to divide
and become senescent or apoptotic, and the pool of cells with
longer telomeres may be able to expand and contribute to an in-
crease in average telomere length, which has also been described
[33]. Since oxidative stress and inﬂammation are both associated
with telomere lengthening and shortening, the time-dependent
relations between maternal factors such as onset of diabetes or
preeclampsia on placental telomere length remain unknown and
should be further investigated.
A striking result, which we can not explain, was that low SES
was associated with longer telomeres. Also after adjusting for
gestational age, placental telomeres of mothers with lowest SES
were longer and maternal age did not inﬂuence the results. The
general concept is that low SES is associated with shortertelomeres. A recently published meta-analysis showed a small as-
sociation between SES, based on education, and leucocyte TL in
adults. A standardized mean difference of 0.06 (95% C.I.
0.002e0.118) between low and high SES was reported in favor of
high SES [34]. No difference in TL was found in children [34]. Other
studies showed that parental education was associated with child
TL, in favor of higher education [35,36].
Surprisingly, none of the placental characteristics (including
choriontype) were associated with telomere length. One would
expect monochorionic twins to have the shortest telomeres, but we
were unable to conﬁrm this hypothesis. Also, fusion of placentas
and a subsequent peripheral insertion of the umbilical cord can be
seen as asymptomatic growth [33,37,38]. Delivery of nutrients to
the placenta is disturbed if the placentas are fused, which (in the-
ory) could inﬂuence telomere length [29]. Also, older paternal age
was not associated with longer telomere length, although other
studies mention elongation [39,40]. Possible explanations could be
the fact that the fathers in this study were relatively young (range:
21e44 years of age) or that wemeasured placental telomere length.
For the present study cross sectional data of third trimester live-
born twins were analyzed. It is possible that the lack of associations
is caused by the fact that telomere attrition is higher earlier in
gestation than in late gestation. The use of cross-sectional data
could bias the results since premature birth itself is probably
related to an unphysiological state in either mother or fetus [41,42].
We can not exclude that unborn placentas can have longer telo-
meres than placentas of neonates of the same age. As stated by
Holmes et al. it could be argued that, analog to telomere length in
white blood cells, in the placentas of preterm born children telo-
meres can have a more accentuated telomere loss than in unborn
placentas of the same age [43]. However, the leading cause of
preterm birth is not a pathological condition but twinning itself
[44]. [45] [46]. Therefore, extrapolation of the results to singletons
should be done with caution. Nevertheless, until now no large
studies are available of longitudinal data of placental telomere
length during pregnancies. A weakness of this study is that no
telomerase activity was measured, as a decreased telomerase ac-
tivity in fetal growth retarded placentas is reported [4]. Also other
mechanisms are possible to elongate telomeres. Some studies
found indication of alternative lengthening of telomeres as well (a
recombination mechanism that is also used by some tumor cells
and that leads to highly variable telomere lengths) [47].
In conclusion, placental telomere length decreases with 25%
during the third trimester of gestation of live-born twins indicating
that telomere shortening may play a role in aging of the placenta.
The differences in utero in multiparous mothers may also positively
inﬂuence telomere length and take place early in gestation. (Un-
known) factors associated with the development of maternal dia-
betes and low socio economic status may be of importance as well.Conﬂict of interest
Herewith I conﬁrm that none of the authors has a conﬂict of
interest in relation to this work.
There are no ﬁnancial relationships that might bias this work.
There is no ﬁnancial interest and no direct payment to an author.Acknowledgment
This research has been partly supported by Universiteitsfonds
Limburg/SWOL. Since its origin the East Flanders Prospective Sur-
vey has been partly supported by grants from the Fund of Scientiﬁc
Research, Flanders and Twins, a non-proﬁt Association for Scientiﬁc
Research in Multiple Births (Belgium). We thank all twins for their
M. Gielen et al. / Placenta 35 (2014) 791e796796cooperation. We thank Professor T. Nawrot, Professor J. Nijhuis and
K. Stuwart for critically reviewing the manuscript.
References
[1] Allsopp RC, Harley CB. Evidence for a critical telomere length in senescent
human ﬁbroblasts. Exp Cell Res 1995;219(1):130e6.
[2] Vaziri H, Dragowska W, Allsopp RC, Thomas TE, Harley CB, Lansdorp PM.
Evidence for a mitotic clock in human hematopoietic stem cells: loss of
telomeric DNA with age. Proc Natl Acad Sci U S A 1994;91(21):9857e60.
[3] Huxley RR, Shiell AW, Law CM. The role of size at birth and postnatal catch-up
growth in determining systolic blood pressure: a systematic review of the
literature. J Hypertens 2000;18(7):815e31.
[4] Davy P, Nagata M, Bullard P, Fogelson NS, Allsopp R. Fetal growth restriction is
associated with accelerated telomere shortening and increased expression of
cell senescence markers in the placenta. Placenta 2009;30(6):539e42.
[5] Biron-Shental T, Sukenik-Halevy R, Sharon Y, Goldberg-Bittman L, Kidron D,
Fejgin MD, et al. Short telomeres may play a role in placental dysfunction in
preeclampsia and intrauterine growth restriction. Am J Obstet Gynecol
2010;202(4). 381 e1-381 e7.
[6] Biron-Shental T, Sukenik-Halevy R, Goldberg-Bittman L, Kidron D, Fejgin MD,
Amiel A. Telomeres are shorter in placental trophoblasts of pregnancies
complicated with intrauterine growth restriction (IUGR). Early Hum Dev
2010;86(7):451e6.
[7] Akkad A, Hastings R, Konje JC, Bell SC, Thurston H, Williams B. Telomere
length in small-for-gestational-age babies. Bjog 2006;113(3):318e23.
[8] Kudo T, Izutsu T, Sato T. Telomerase activity and apoptosis as indicators of
ageing in placenta with and without intrauterine growth retardation. Placenta
2000;21(5e6):493e500.
[9] Kyo S, Takakura M, Tanaka M, Kanaya T, Sagawa T, Kohama T, et al. Expression
of telomerase activity in human chorion. Biochem Biophys Res Commun
1997;241(2):498e503.
[10] Chen RJ, Chu CT, Huang SC, Chow SN, Hsieh CY. Telomerase activity in
gestational trophoblastic disease and placental tissue from early and late
human pregnancies. Hum Reprod 2002;17(2):463e8.
[11] Izutsu T, Kudo T, Sato T, Nishiya I, Ohyashiki K, Nakagawara K. Telomerase
and proliferative activity in placenta from women with and without fetal
growth restriction. Obstet Gynecol 1999;93(1):124e9.
[12] Sukenik-Halevy R, Fejgin M, Kidron D, Goldberg-Bittman L, Sharony R, Biron-
Shental T, et al. Telomere aggregate formation in placenta specimens of
pregnancies complicated with pre-eclampsia. Cancer Genet Cytogenet
2009;195(1):27e30.
[13] Friedrich U, Schwab M, Griese EU, Fritz P, Klotz U. Telomeres in neonates: new
insights in fetal hematopoiesis. Pediatr Res 2001;49(2):252e6.
[14] Okuda K, Bardeguez A, Gardner JP, Rodriguez P, Ganesh V, Kimura M, et al.
Telomere length in the newborn. Pediatr Res 2002;52(3):377e81.
[15] Cross JA, Temple RC, Hughes JC, Dozio NC, Brennan C, Stanley K, et al. Cord
blood telomere length, telomerase activity and inﬂammatory markers in
pregnancies in women with diabetes or gestational diabetes. Diabet Med
2010;27(11):1264e70.
[16] Gielen M, Lindsey PJ, Derom C, Loos RJ, Derom R, Nijhuis JG, et al. Curves of
placental weights of live-born twins. Twin Res Hum Genet 2006;9(5):664e72.
[17] Derom C, Thiery E, Peeters H, Vlietinck R, Defoort P, Frijns JP. The east ﬂanders
prospective twin survey (EFPTS): an actual perception. Twin Res Hum Genet
2013;16(1):58e63.
[18] Loos RJ, Beunen G, Fagard R, Derom C, Vlietinck R. The inﬂuence of zygosity
and chorion type on fat distribution in young adult twins consequences for
twin studies. Twin Res 2001;4(5):356e64.
[19] Derom R, Derom C, Vlietinck R. In: Keith LG, Papiernik E, Keith DM, Luke B,
editors. Placentation, in multiple pregnancy: epidemiology, gestation &
perinatal outcome. New York: The Parthenon Publishing Group; 1995.
pp. 113e28.
[20] Vlietinck R. Determination of the zygosity of twins. Leuven: Katholieke Uni-
versiteit Leuven; 1986. pp. 1e123.
[21] Netherlands Institute for Public Health and the Environment. (RIVM), Indeling
opleidingsniveau, in, 2008.
[22] Cawthon RM. Telomere length measurement by a novel monochrome
multiplex quantitative PCR method. Nucleic Acids Res 2009;37(3):e21.[23] Daniali L, Benetos A, Susser E, Kark JD, Labat C, Kimura M, et al. Telomeres
shorten at equivalent rates in somatic tissues of adults. Nat Commun 2013;4:
1597.
[24] Robertson JD, Gale RE, Wynn RF, Dougal M, Linch DC, Testa NG, et al. Dy-
namics of telomere shortening in neutrophils and T lymphocytes during
ageing and the relationship to skewed X chromosome inactivation patterns.
Br J Haematol 2000;109(2):272e9.
[25] Fox H. Aging of the placenta. Arch Dis Child Fetal Neonatal Ed 1997;77(3):
F171e5.
[26] Khong TY, Adema ED, Erwich JJ. On an anatomical basis for the increase in
birth weight in second and subsequent born children. Placenta 2003;24(4):
348e53.
[27] Pijnenborg R, Vercruysse L, Hanssens M. The uterine spiral arteries in human
pregnancy: facts and controversies. Placenta 2006;27(9e10):939e58.
[28] Murray AJ. Oxygen delivery and fetal-placental growth: beyond a question of
supply and demand? Placenta 2012;33(Suppl. 2):e16e22.
[29] Houben JM, Moonen HJ, van Schooten FJ, Hageman GJ. Telomere length
assessment: biomarker of chronic oxidative stress? Free Radic Biol Med
2008;44(3):235e46.
[30] Muraki K, Nyhan K, Han L, Murnane JP. Mechanisms of telomere loss and their
consequences for chromosome instability. Front Oncol 2012;2:135.
[31] WHO. Fact sheet 311, m. obesity and overweight. WHO; 2012. Fact sheets.
[32] Allsopp R, Shimoda J, Easa D, Ward K. Long telomeres in the mature human
placenta. Placenta 2007;28(4):324e7.
[33] Heinonen S, Taipale P, Saarikoski S. Weights of placentae from small-for-
gestational age infants revisited. Placenta 2001;22(5):399e404.
[34] Robertson T, Batty GD, Der G, Fenton C, Shiels PG, Benzeval M. Is socioeco-
nomic status associated with biological aging as measured by telomere
length? Epidemiol Rev 2013;35(1):98e111.
[35] Needham BL, Fernandez JR, Lin J, Epel ES, Blackburn EH. Socioeconomic status
and cell aging in children. Soc Sci Med 2012;74(12):1948e51.
[36] Mitchell C, Hobcraft J, McLanahan SS, Siegel SR, Berg A, Brooks-Gunn J, et al.
Social disadvantage, genetic sensitivity, and children's telomere length. Proc
Natl Acad Sci U S A 2014;111(16):5944e9.
[37] Ramos JG, Martins-Costa S, Edelweiss MI, Costa CA. Placental bed lesions and
infant birth weight in hypertensive pregnant women. Braz J Med Biol Res
1995;28(4):447e55.
[38] Corey LA, Nance WE, Kang KW, Christian JC. Effects of type of placentation on
birthweight and its variability in monozygotic and dizygotic twins. Acta Genet
Medicae Gemellol (Roma) 1979;28(1):41e50.
[39] Prescott J, Du M, Wong JY, Han J, De Vivo I. Paternal age at birth is associated
with offspring leukocyte telomere length in the nurses' health study. Hum
Reprod 2012;27(12):3622e31.
[40] Eisenberg DT, Hayes MG, Kuzawa CW. Delayed paternal age of reproduction in
humans is associated with longer telomeres across two generations of de-
scendants. Proc Natl Acad Sci U S A 2012;109(26):10251e6.
[41] Lubchenco LO, Hansman C, Dressler M, Boyd E. Intrauterine growth as esti-
mated from liveborn birth-weight data at 24 to 42 weeks of gestation. Pedi-
atrics 1963;32:793e800.
[42] Kleinman JC, Fowler MG, Kessel SS. Comparison of infant mortality among
twins and singletons: United States 1960 and 1983. Am J Epidemiol
1991;133(2):133e43.
[43] Holmes DK, Bellantuono I, Walkinshaw SA, Alﬁrevic Z, Johnston TA,
Subhedar NV, et al. Telomere length dynamics differ in foetal and early post-
natal human leukocytes in a longitudinal study. Biogerontology 2009;10(3):
279e84.
[44] Gielen M, Lindsey PJ, Derom C, Loos RJF, Zeegers MP, Souren NY, et al. Twin-
speciﬁc intrauterine “growth” charts based on cross-sectional birth weight
data. Twin Res Hum Genet 2008;11(2):224e35.
[45] Blickstein I. Intrauterine growth. In: Blickstein I, Keith LG, editors. Multiple
Pregnancy, epidemiology, gestation and perinatal outcome. New York: Taylor
and Francis; 2005. pp. 503e13.
[46] Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. Estimation of fetal
weight with the use of head, body, and femur measurementsea prospective
study. Am J Obstet Gynecol 1985;151(3):333e7.
[47] Cesare AJ, Reddel RR. Alternative lengthening of telomeres: models, mecha-
nisms and implications. Nat Rev Genet 2010;11(5):319e30.
